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Introduction
Coats disease is a well-described but uncommon form of retinal telangiectasia characterised by intra-retinal and sub-retinal exudation in the absence of significant vitreoretinal traction. 1 More advanced cases may progress to complete retinal detachment, neovascular glaucoma, and sometimes require enucleation. [1] [2] [3] Although there are published case series of Coats disease, no populationbased studies have been performed. We have conducted a prospective population-based study of Coats disease in the United Kingdom to provide a balanced picture of the disease spectrum. An accompanying paper describes the basic demographic data and clinical features at diagnosis. This paper reports the investigations used in the assessment of cases of Coats disease. We also report the treatments used and their anatomic and visual outcomes 6 months after presentation. This information will hopefully be very informative to clinicians and should allow them to plan treatment for patients with Coats and to counsel patients and carers of children with this condition.
Materials and methods
This was a prospective population-based study of Coats disease in the United Kingdom conducted through the British Ophthalmic Surveillance Unit (BOSU). All consultant ophthalmologists in the United Kingdom are sent a monthly reporting card by BOSU, which at any time enquires about several ophthalmic conditions. BOSU in turn inform the investigators who then send a questionnaire to the reporting ophthalmologist. The design and clinical relevance of all projects using BOSU are assessed by their scientific advisors and all require full ethical assessment and approval. All ophthalmologists reporting cases of Coats disease to the investigators were sent a baseline questionnaire and a follow-up questionnaire 6 months later. Ethical approval for this study was obtained from Fife, Forth Valley, and Tayside Research Ethics Service, REC reference 06/S0501/43. The ethical approval permitted the investigators to send reminders for unreturned questionnaires though no other contact was permitted.
The Coats disease study was on the BOSU reporting cards for 12 months from January 2008, the 100th anniversary of George Coats original publication. 4 The baseline questionnaire enquired about age at presentation, gender, mode of presentation, initial LogMAR visual acuity, and clinical features. The clinical features included anterior and posterior segment findings, number of clock hours of retinal exudation, and disease staging. The staging of Coats disease followed that described by Shields. 5 We enquired about investigations carried out and the treatments used. Patients with associated ophthalmic disorders, such as retinitis pigmentosa and underlying medical conditions and syndromes, were excluded. The follow-up questionnaire at 6 months later enquired about LogMAR visual acuity, clinical features, disease stage, and whether any additional investigations or treatments were required. Given the volume of information, we have reported the data in two separate papers. This paper reports the investigations and treatments performed and their outcomes. An accompanying paper reports on the epidemiology and clinical features at presentation.
Results and conclusion
A total of 55 completed baseline questionnaires for eligible cases of Coats disease were returned to the authors. We received completed 6-month follow-up questionnaires for 42 cases (76.4%). This paper reports on the preferences of the reporting ophthalmologists for investigation and treatment of Coats disease. We also report changes in visual acuity as well as structural outcomes (Coats disease staging). A 6-month follow-up data were available for 41 eyes as 42 of the 6-month follow-up questionnaires were returned with one case not eligible for inclusion because of early enucleation.
Investigations
A B-scan ultrasound was performed in 14 cases (25.5%), fundus fluorescein angiography (FFA) in 19 cases (34.5%), and examination under anaesthesia in 23 cases (41.8%). The mean age of patients undergoing FFA was 168 months with 11 under 120 months of age. This suggests that many departments now possess a portable FFA system that can be used in children under general anaesthesia. Computerised tomography scanning was carried out in just two children, aged 11 months and 61 months, respectively, presumably to out-rule retinoblastoma. Only the 11-month-old child however had leucocoria as the presenting feature. Two investigations were performed in 27.2% and three investigations in 7.3% of cases. In 18 cases (32.7%), no investigations were carried out in addition to the clinical examination.
Treatment or observation
A decision to treat was taken in 52 out of 55 cases of Coats disease (94.5%). The remaining three cases (5.5%) were observed. Enucleation was carried out in just one case (1.8%) due partly to concern about a possible retinoblastoma in an 11-month-old child and partly to a very advanced disease with rubeotic glaucoma (stage 4).
Of 52, 48 treated eyes received various forms of laser photocoagulation, Figure 1 . Argon laser photocoagulation was the most commonly used with 32 eyes treated. Diode laser was used in five cases, frequency-doubled YAG (FD-YAG) laser in three cases. In eight cases the type of laser used was not specified. Retinal cryotherapy was used in 10 cases; in 4 cases 
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cryotherapy was the primary treatment, whereas in 6 cases it was used as an adjunct to laser. Many younger patients received argon laser photocoagulation, with 19 of them being aged 120 months or less. This suggests that many departments now possess portable argon laser systems and most are not reliant on diode lasers as they were in the past. The choice of primary treatment modality varied with the disease stage at presentation (Table 1) . In stage 2A, 76% of eyes received laser (argon or diode), whereas 12% (one eye) received cryotherapy and 12% pars plana vitrectomy with laser. In stage 3B, 40% received laser alone, 40% laser and cryo, and 20% pars plana vitrectomy (Table 1 ). An additional question asked was, whether laser treatment was applied directly to the telangiectatic vessels and or as a barrier around the area of retinal exudation. In total, 29 respondents answered this question. In all cases laser photocoagulation was applied to the telangiectatic vessels and in nine cases it was additionally applied as a barrier.
Intravitreal injections of vascular endothelial growth factor (VEGF) inhibitors were only used as adjunctive therapy and with no marked difference in outcomes, though the numbers are small (seven injections of bavacizumab to four eyes). In addition, the eyes that received VEGF injections had on an average more advanced disease at presentation; stage 2B (two eyes), 3A and 3B (one each). No ocular or systemic side effects were reported after the use of VEGF inhibitors, though we did not specifically enquire for these.
Additional treatment
Among the 41 eyes in which follow-up data were available, 23 (56%) received additional treatment. In total, 21 were treated with laser (argon n ¼ 12, FD-YAG n ¼ 6, and diode n ¼ 3). Six of the eyes that received additional laser treatment also received adjunctive cryotherapy (n ¼ 3) or intravitreal bevacizumab (n ¼ 3). Two eyes were treated with cryotherapy alone as their second treatment. Finally, one eye with stage 4 Coats disease and glaucoma required topical agents to lower intraocular pressure.
Visual acuity outcome
Figures 2a and b show baseline and 6-month follow-up visual acuity results respectively. For clarity, we have included the baseline visual acuity only for the 41 cases in which a 6-month follow-up data were returned. Vision improved in 13 eyes (32%), worsened in 11 eyes (27%), and remained stable in 17 eyes (41%). The number of eyes with LogMAR vision of 1.0 or worse increased slightly from 18 to 21 (51%). However, the number of eyes with LogMAR vision of 0 or better increased from 6 to 10 (24%). Among the 13 eyes in which vision improved, all had received treatment. Twelve of these eyes had laser and two 2 had cryopexy and intravitreal bevacizumab (one eye had cryopexy as primary and one as adjunctive treatment). Eleven eyes (27%) had worse vision at follow-up and all had been treated, including one eye that had drainage of sub-retinal fluid and intravitreal bevacizumab. In the three cases that did not receive any treatment, vision was unchanged at the 6-month follow-up. We looked at age at presentation as a predictor for visual improvement. The percentage of eyes with improved vision at 6-month follow-up was 33% in those aged less than 5 years; 13% for those between 5 and 10 years of age; 10% between 10 and 15 years; and 67% more than 15 years of age.
Anatomic outcomes
The Coats staging worsened in only one case, but vision remained unchanged (LogMAR ¼ 0), treatment with diode laser was administered to this eye. There was an improvement in the staging of 16 eyes (39%) whereas 24 eyes (59%) were unchanged. Among the eyes with improved staging, all were treated. Eleven of the treated eyes received laser alone; three eyes received laser and cryotherapy, and two received cryotherapy alone. In addition, two of the treated eyes received intravitreal injections (steroid n ¼ 1; bevacizumab n ¼ 1). In all three eyes that were observed rather than treated, staging was unchanged at the 6-month follow-up. Figures 3a and b show the number of eyes in the various Coats stages at baseline-diagnosis and again at 6-month follow-up. Again, we have included the baseline staging only for the eyes in which 6-month follow-up data were returned. The most notable feature is the marked improvement in staging of many eyes. At baseline, no eyes were classified as stage 1, whereas at 6 months, nine eyes (22%) were classified as stage 1. The proportion of eyes with stages 2 or 3 at presentation that had an improvement in their Coats stage after treatment (at 6 month follow-up) was approximately equal to 31 and 29%, respectively.
There was no significant additional benefit of either visual or structural outcome in eyes that had a laser barrier.
Discussion
This study is the first ever prospective population-based study of Coats disease. The accompanying paper reports the estimated incidence of Coats disease and characterises the clinical features at presentation. This paper reports the investigations performed, treatment preferences, and their visual and anatomic outcomes.
Coats disease occurs predominantly in young children and frequently presents with leucocoria, therefore other conditions must be out-ruled, especially retinoblastoma. [6] [7] [8] It is not surprising therefore that an examination under anaesthesia was performed in a significant proportion of cases (42%), and that ultrasound (26%) and FFA (35%) were also used extensively. Somewhat surprisingly in our series, in 18 cases (32.7%) no investigations were carried out in addition to the clinical examination. Shields et al 1 reported a series of 150 patients (158 eyes) in which ultrasound was used in 48% of eyes and fluorescein angiography in 31%. Telangiectasia in Coats disease show early leakage into adjacent retina. 1 Ultrasound demonstrates distinctive medium reflective echoes from the sub-retinal space and is particularly helpful in excluding retinoblastoma. 1, 7 Optical coherence tomography was neither included in our questionnaires nor mentioned by any respondents, it could however be useful as a non-invasive means of evaluating children with leucocoria. 9 We have demonstrated modest overall visual improvements in our series of Coats disease with the number of eyes with improved vision slightly more than the number with worsened vision. Our study was however limited to 6-months follow-up and the final visual outcomes could differ. Stabilisation of visual acuity and perhaps improvement in some eyes is therefore a realistic treatment goal. The proportion of eyes with very poor vision (LogMAR visionr1) was 51% in those eyes for whom we have 6-month follow-up data. This figure compares well with existing published series and is most likely because of the population-based nature of our study. Two series from large tertiary referral centres have significantly worse proportions of eyes with very poor vision; 64% for Shields (Wills Eye Hospital, Philadelphia, PA, USA) 5 and 96% for Budning (Hospital for Sick Children, Toronto, ON, Canada). 3 We have shown that it is possible to achieve stabilisation or improvement of the Coats staging in virtually nearly all cases (98%). The disease stage at diagnosis is therefore a highly important prognostic factor in this series. In Shields' series in which the same classification system was used, the Coats stage was stable or improved in 76% of eyes with the best prognosis for eyes with milder disease-stage at diagnosis. 5 Shields' series had a mean follow-up of 55 months (range, 6 months to 25 years) and found recurrence of retinal telangiectasia and exudation in 7% of cases by 10 years. 5 Other reports have also confirmed that prognosis was related to the number of clock hours of retinal exudation present at diagnosis and not to the patients age. 3, 10, 11 Smithen et al 11 reported a series of Coats disease in adults, most of whom had extensive retinal exudation and in whom vision worsened in 62% despite treatment. The extent or stage of Coats disease at diagnosis would therefore seem to be the single most important prognostic factor.
The aim of treatment in Coats disease is the eradication of telangiectasia leading to resolution of retinal exudation with the ultimate goal of salvaging as much vision as possible. 5 In Shields large series, cryotherapy was the most commonly used therapy followed by laser photocoagulation and with no serious treatment complications. 5 Sheilds' series was however retrospective and over two decades, during that period there was a shift away from cryotherapy towards an increased use of laser in the treatment of Coats disease. 5 In our study, laser photocoagulation was by far the most popular treatment modality used for Coats disease, accounting for 92% of primary treatments. Cryotherapy was used mainly as a second-line or adjunctive treatment. Laser photocoagulation, repeated where necessary, is now the first-line treatment in all recent reports on Coats disease. 2, 3, [10] [11] [12] In more advanced cases with significant retinal detachment and poor prognosis, laser photocoagulation perhaps combined with pars plana vitrectomy and drainage of sub-retinal fluid can stabilise the disease and prevent progress to end-stage disease. 9, 12, 13 As discussed above, a realistic treatment goal in eyes with retinal detachment is anatomic improvement, without an increase in visual function, and avoidance of enucleation for painful end-stage disease. 13 Elevated intraocular levels of VEGF have been documented in an advanced case of Coats disease in a 2-year-old boy with retinal detachment refractive to surgical treatment.
14 This child received two intraocular injections of pegaptanib, which produced both anatomic improvement and a marked reduction in intraocular VEGF levels.
14 Another case report however found an equivocal benefit from intravitreal injections of triamcinolone and bevacizumab. 15 Intravitreal injections of VEGF inhibitors were only used as an adjunctive therapy in a small number of eyes in our series. The VEGF inhibiting agents had no marked effect on outcome, though treated eyes had on average more advanced disease. Bergstrom et al 16 reported five children (ages 3-12 years) with unilateral Coats disease and retinal detachment that were treated with cryotherapy and intravitreal triamcinolone injections. In Bergstrom's series of five eyes, four developed glaucoma, three severe cataract and three eyes developed inoperable retinal detachments. 16 Although these complications have been reported in adults they are not as common or severe, 17 it may therefore be best to avoid the use of intravitreal steroid injections in Coats disease.
We have described the investigations, treatments, and outcomes in a prospective, population -based study of Coats disease. Although visual acuity improvement is unlikely in most cases, there was a much more encouraging prospect for anatomic improvement. The conditions of the ethical approval for this study limited us to just one follow-up questionnaire at 6 months after diagnosis. It is possible therefore that longer follow-up might reveal further improvements in either vision and or staging as the resolution of retinal exudation is a slow process. Nonetheless, the improvements in staging are themselves very encouraging as left untreated, many cases of Coats disease progress to complete retinal detachment with painful rubeotic glaucoma.
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